Landfill siting is a complex process. It is one of the major problems in waste management, where many factors should be taken into consideration when selecting a suitable site for landfill in any given area. At the present time, there are many random waste disposal sites distributed throughout Al-Hashimiyah Qadhaa in Iraq. In this study, the Geographic Information System (GIS) and the Analytical Hierarchy Process (AHP) were used to select the best sites for landfill. The process of selecting sites for landfill in Al-Hashimiyah Qadhaa comprised two steps. First, fifteen different criteria were mapped and incorporated into overlay analyses within GIS software to produce the final suitability index map for the site. The second step comprises the exclusion of unsuitable areas from the final map to simplify identification of the candidate sites for landfill in the study area. The weightings of criteria were identified using AHP, and the weightings of the sub-criteria of each criterion were determined based on multiple factors. In order to accommodate solid waste from 2020 until 2030, two suitable candidate landfill sites were determined which fulfill the required area of 1.013 km 2 with areas of 1.374 km 2 and 1.288 km 2 respectively.
Introduction
Solid waste management is considered a major issue for the municipality directorates in the cities of developing countries. The increase in the quantity of waste generated arises from the effects of many factors, such as population growth, rapid economic growth, improvements in living standards, etc. [1, 2] . For solid waste management, many effective techniques of disposal of municipal solid waste have been used, such as landfills, recycling, thermal treatment and biological treatment [3, 4] . For example, sanitary landfills have been adapted to the management of solid waste in many countries, even if other techniques of waste management are used. In countries that recycle or burn large parts of their waste, the resulting materials from these processes are still requires dumping. This process is considered relatively cheap and simple to be used [5, 6] .
Landfill siting is considered a complex task for planners and authorities because this process needs to take into consideration many factors. These factors are, for example, increasing population densities, growing environmental awareness, reduced land availability for landfills and increasing political and social opposition to the establishment of landfill sites, government regulation, government and municipality funding, and urbanization [7] [8] [9] .
Hashimiyah Qadhaa. The density of waste in waste disposal sites is 450 kg/m 3 in the Al-Hashimiyah Qadhaa [31] . 
Methodology
To evaluate the study area for the selection of a suitable site for landfill, GIS and its special analysis tools were used to prepare map layers covering the most important fifteen criteria in the study area according to expert's opinion in this field. The model of landfill siting, depending on current criteria, can be divided in the following ways: (1) . Reviewing the previous literature. (2) . Preparing the database of digital maps within GIS software for the study area. (3) . Creating suitable buffer zones or special constraints around important areas to suit each criterion map. (4). Determination of the weightings of the sub-criteria based on the opinion of experts, literature, environmental and scientific requirements and governmental regulations. (5) . Determination of the weightings for the criteria using the AHP model. (6) . Exclusion of unsuitable areas for landfill siting from the resulting final map of this study. (7) . Determination of a suitability index to apply to candidate sites for landfill.
The Hierarchical Structure Tree for Landfill Siting
The initial step of the methodology for this study involves identifying a hierarchy for the decision problem. The main aim of the decision problem was selecting candidate sites in AlHashimiyah Qadhaa. The hierarchical structure was built based on the opinions of experts in this field, previous research and data available in the study area. It includes three levels ( Figure 2 ). The first level represents two broad categories: natural environmental factors, and artificial factors. The second level includes six main factor groups: hydrological, land, topographical, infrastructure, accessibility and social-cultural factors. The third level comprises all fifteen criteria which were used in the current study to determine candidate sites for landfill.
The landfill siting is considered as a complex process related to solid waste management systems due to government funding, government regulations, social and environmental factors, economic factors, and increase public & political opposition to the landfill sites establishment.
The groundwater in Al-Hashimiyah Qadhaa varies in depth from 1.445 to 6.943 meters below the ground surface in most of the areas. This range of depths is considered shallow. Landfills should be located over the surface of the ground to prevent groundwater from pollution [32] . The "river" 
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To evaluate the study area for the selection of a suitable site for landfill, GIS and its special analysis tools were used to prepare map layers covering the most important fifteen criteria in the study area according to expert's opinion in this field. The model of landfill siting, depending on current criteria, can be divided in the following ways:
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The Hierarchical Structure Tree for Landfill Siting
The initial step of the methodology for this study involves identifying a hierarchy for the decision problem. The main aim of the decision problem was selecting candidate sites in Al-Hashimiyah Qadhaa. The hierarchical structure was built based on the opinions of experts in this field, previous research and data available in the study area. It includes three levels ( Figure 2 ). The first level represents two broad categories: natural environmental factors, and artificial factors. The second level includes six main factor groups: hydrological, land, topographical, infrastructure, accessibility and social-cultural factors. The third level comprises all fifteen criteria which were used in the current study to determine candidate sites for landfill.
The groundwater in Al-Hashimiyah Qadhaa varies in depth from 1.445 to 6.943 meters below the ground surface in most of the areas. This range of depths is considered shallow. Landfills should be located over the surface of the ground to prevent groundwater from pollution [32] . The "river" criterion was adopted in order to protect surface water of Shatt Al-Hilla river (which is passing through the study area) from contamination by leachate [33, 34] .To reduce the potential of leachate leaking from the landfill and to avoid the risk of flooding [35] , the criterion of topography (elevation) was selected.
The criterion of "slope" was used, where an area with a very steep slope will increase drainage of pollutants from the landfill site to surrounding areas [8] as well as increasing the risk of leachate flowing from high slopes to flat and low areas or bodies of water.
To protect the human and environment, the important categories within the criterion of "land use" were classified and were given them the suitable score that deserved.
To protect the agricultural lands from contamination, that "agricultural lands use" criterion for Al-Hashimiyah Qadhaa was divided into three categories are agricultural land, orchards and unused land. Each category was given the appropriate value.
The soil of Babylon Governorate consists of clastic materials, which is known alluvial deposits [36] . There are 6 types of soils in Al-Hashimiyah Qadhaa [37] . To protect the landfills from the movement of leachate within soil layers and to reduce the soil consolidation, the "soil" criterion was used.
The "roads" criterion was used for many considerations. Distances from roads to a landfill site should be sufficient to ensure there are no negative aesthetic impacts [3] . Moreover, economic factors must be taken into consideration, and a landfill site should be located within a reasonable distance of existing roads in order to reduce the cost of construction of roads leading to the site in future [8, 15, 38] .
The criterion of "railway" was adopted in order to prevent both potential land subsidence and visual intrusion when selecting the landfills [39] .
For the "urban centers" criterion, many researchers suggested that the appropriate distance from the borders of urban areas to a landfill site should be at a suitable distance due to the economic factors and impact on the general public. The cost of this land as well as health and safety laws often prevent siting of a landfill within the boundaries of an urban area. Important factors to consider are noise, decreases in property value [38] , odor, aesthetics [40] , as well as ensuring that the urban area retains the potential to expand in the future [41] .
The "villages" criterion was adopted because there are many villages distributed throughout the study area. The literature recommended a minimum distance from a landfill site to villages that should be at a suitable distance [42, 43] to protect human and environment from insect and rodent infestation, odors, disease, and sometimes population suffocation because of burning the waste in these sites. In addition, there is an increase the social opposition to the establishment of landfill sites. 
Restriction Sites
Buffer zones are created around important sites or specific geographic features in each criterion within the GIS environment. These sites comprise areas which do not allow for a landfill site to be situated within them due to potential risks to the environment, human health, and excessive cost, as well as satisfying the governmental regulation requirements [7, 45] . The buffer zones were created at For the criterion of "archaeological", Babylon Governorate has a rich history and is home to a number of significant archaeological and religious sites. These areas are considered absolutely inappropriate to be within or near a landfill site because of their high historical value and importance for tourism (and the development of tourism) in this governorate.
The "power lines" criterion was selected to avoid risks associated with high-voltage whilst taking into account the need to provide electricity to the infrastructure of the landfill site [32, 34] .
The criteria of "gas pipelines" and "oil pipelines" were adopted in the current study to avoid the serious impact of spontaneous fires that result from burning of solid waste on the gas and oil pipelines. Consequently, protection the important infrastructure which is considered the valuable source for national wealth.
All area in Al-Hashimiyah Qadhaa is covered by alluvial deposits at depth of more than 50 m, where no rocks are exposed in this area. The study area is located outside the range of faults and cracks [36] .
Buffer zones are created around important sites or specific geographic features in each criterion within the GIS environment. These sites comprise areas which do not allow for a landfill site to be situated within them due to potential risks to the environment, human health, and excessive cost, as well as satisfying the governmental regulation requirements [7, 45] . The buffer zones were created at a distance from each feature for the selected criteria based on literature review, as shown in Table 1 . 
Layers Maps of Criteria
There are many sources used to prepare the required map layers within GIS for the present study. The first was digital maps (shapefile). The individual shapefile maps for topography, slope, river, road, urban centers, villages, gas pipelines, oil pipelines, power lines and railways were prepared accordingly using the internal reports of the Iraqi Ministry of Education [49] .
The second source was converting the published maps into digital maps using the relevant information on each map. The shapefile of "soil types" was created from the map of exploratory soil of Iraq (scale 1:1,000,000) [37] . The shapefile of "agricultural land use" was obtained using the published map of the land capability map of Iraq (scale 1:1,000,000) [50] , and the digital maps was checked by analyzing satellite images of the Babylon Governorate from 2011 [51] . The shapefile of "archaeological sites" was produced from the Archaeological Map of Iraq (2013) (scale 1:1,500,000) [52] , to indicate the archeological and religious sites in this Qadhaa. The map of industrial areas (scale 1:400,000) [29] contributed to defining the industrial areas within Al-Hashimiyah Qadhaa.
For the third source, the readings from 170 wells for the groundwater depths in this Qadhaa were imported into GIS as features, then these data were converted to the shapefie using the button of "export data". To produce the shapefile map of groundwater depths the extension tool "kriging", within GIS, was used to generate an interpolation between the readings of groundwater depths. Finally, the digital map of "groundwater depth" was produce [53] .
Classification and Rating the Sub-Criteria
Each criterion was classified into categories (sub-criteria), and to each category was given a suitability grading value. This classification was made based on the opinion of experts and literature reviews in this field, as well as various required and available data in the study area. In order to prepare each criterion and sub-criteria, a number of steps were performed using the spatial analysis tools in the dialog box within ArcGIS-Version 10.4 (e.g., Buffer, Clip, Extract, Overlay, Proximity, Convert, Reclassify and Map Algebra, etc.), ( Table 2 ). The sub-layers of each layer were assigned from zero to ten. The "groundwater depths" layer was divided into four categories. Depths between 1.5-3.0 m, 3.0-4.5 m, 4.5-6 m and more than 6.0 m, according to groundwater depth readings, were given ratings values of 1, 4, 6, and 10 respectively (Figure 3a ). For the "river" layer, a distance less than 1000 m from the boundaries of a river was scored zero to reduce the potential for river contamination from landfill. A distance of more than 1 km was scored as 10 ( Figure 3b ). The map of the "elevation" layer was divided into three categories according to the study area. Elevation areas between 11 and 20 above mean sea level (a.m.s.l.), and between 20-29 were given grading values of 3 and 7 respectively. Elevations areas of greater than 29. were given the higher rating value of 10 ( Figure 3c ). All lands in Al-Hashimiyah Qadhaa have a slope of less than 5 • , and they were graded 10 ( Figure 3d ). Land slope is an important factor when selecting a landfill site. In this study, ten categories were incorporated into GIS to prepare the "land use" layer. These categories are urban centers, villages, industrial areas, archaeological sites, treatment plant, agricultural airport, rivers, agricultural land, orchards and unused land. The categories of "orchards" and "unused lands" were given scores of 5 and 10 respectively, while other categories were assigned a score of zero (Figure 3e ). The layer of "soil types" in Al-Hashimiyah Qadhaa comprises six types of soils [40] (Figure 4a ). These soil types are haur soils A (8), river basin soils, poorly drained phase B (5'), river basin soils, poorly drained phase C (5), silted haur and marsh soils F (9), river levee soils D (4), and active dune land E (11). These types of soils (multiple input rasters) were merged in a single raster layer within GIS, and then they were giving scores of 10, 9, 8, 7, 6 and 5 respectively.
respectively, while other categories were assigned a score of zero (Figure 3e The layer of "agricultural land use" was divided into three categories. The categories of "agricultural land", "unused land" and "orchards" were given scores of zero, five, and ten respectively (Figure 4b ). The layer map of "roads" included main roads and highways, and it has been divided into five buffer zone categories, buffer zones of less than 0.5 km, buffer zones of 0.5-1 km, buffer zones of 1-2 km, buffer zones of 2-3 km and greater than 3 km were given grades of zero, 7, 10, 5 and 3 respectively (Figure 4c ). For the "railway" layer, buffer zones of less than 0.5 km m on both sides of the railway were scored zero. Buffer zones greater than 0.5 km were scored of 10 ( Figure 4d ). The layer map of "urban centers" was divided into four categories. Buffer zones of between of 5-10 km were given the highest score, which were 10. Buffer zones of 10-15 km, more than 15 km and less than 5 km were given a score of 7, 4 and zero respectively (Figure 4e ). In the "villages" layer, buffer zones of less than 1 km were given a grading value of zero, while buffer zones greater than 1 km were scored 10 ( Figure 4f ) to protect human health and environment in these areas. For the "archaeological sites" layer, a buffer zone of less than 1 km was graded zero. Buffer zones of 1-3 km around these areas, and buffer zones more than 3 km were graded 5 and 10 respectively (Figure 4g ). In the "power lines", "gas pipelines," and "oil pipelines" layers, buffer zones of less than 300 m, that is 75 m and 30 m were given scores of zero. Buffer zones which were greater than these values were given a grading value of 10 (Figure 4h,j) . The layer of "agricultural land use" was divided into three categories. The categories of "agricultural land", "unused land" and "orchards" were given scores of zero, five, and ten respectively (Figure 4b ). The layer map of "roads" included main roads and highways, and it has been divided into five buffer zone categories, buffer zones of less than 0.5 km, buffer zones of 0.5-1 km, buffer zones of 1-2 km, buffer zones of 2-3 km and greater than 3 km were given grades of zero, 7, 10, 5 and 3 respectively (Figure 4c ). For the "railway" layer, buffer zones of less than 0.5 km m on both sides of the railway were scored zero. Buffer zones greater than 0.5 km were scored of 10 ( Figure  4d ). The layer map of "urban centers" was divided into four categories. Buffer zones of between of 5-10 km were given the highest score, which were 10. Buffer zones of 10-15 km, more than 15 km and less than 5 km were given a score of 7, 4 and zero respectively (Figure 4e ). In the "villages" layer, 
Analytical Hierarchy Process (AHP) Method
The AHP was applied to compute the significance of weightings for the selected criteria in the current study using a matrix of pair-wise comparisons [19] . The decision makers regarding weightings contributed through their experience and judgment in building the matrix of pair-wise comparisons through favoring the importance intensity of one activity over another using a numerical scale of 9 points. Each point equates to an expression of the relative importance of the two factors. e.g., "M has the same importance of N" or "M is more important than N", etc. These studies use a scale with values ranging from 1 (equal importance) to 9 (absolute importance) [19, 54] .
The eigenvectors (Egi) were calculated for each row depending on multiplying the value for each criterion in each column in the same row in the matrix of the pair-wise comparison, and then taking the n th root for numbers of elements in this row. Thus, this process was applied to each row. To calculate the priority vector (Pri) (relative weights) of criteria, an Egi for each criterion is normalized to 1 by dividing each weight by its sum. Checking the consistency between the weightings of criteria resulting from the matrix of pair-wise comparisons was done through estimating the Consistency Ratio (CR), by dividing the Consistency Index (CI) by the Random Index (RI), where RI is the mean deviation of randomness for matrices with different sizes for different values [19] .
In this study, the value of Consistency Index (CI = 0.044) by the Random Index value (RI = 1.59) for n = 15 (Table 3) , where this table displays mean random index value RI for matrices with different sizes according to [15] . If the CR value is smaller than 0.1, then the consistency is acceptable. Here, the CR value was 0.027 < 0.1. The judgments are completely consistent if CR is equal to zero [55] . Perfect consistency is rare. Consequently, the AHP allows slight inconsistency in a matrix of pair-wise comparisons [3] . After preparing the weightings of the fifteen criteria from the matrix of pair-wise comparisons ( Figure 5 ), the Suitability Index of Landfill Siting (SILS) for the final output map was calculated through the summation of the products of multiplying the weight of each criterion that was resulted from AHP method by the weight of each sub-criteria of each criterion based on previous studies and experts opinion (see Table 2 ). The special analysis tool "Map Algebra-Single Output Map Algebra" in GIS software was used for this purpose. The process of calculating (SILS) was as follows [14] :
where: SILS: suitability index of landfill siting.
The terms "GWw, RVw, Ew, SLw, SOw, LUw, AGw, ROw, RWw, URw, VIw, ARw, GSw, Ow and Pw" refer to the criteria weightings of groundwater depth, rivers, elevation, slope, soil types, land use, Agricultural land use, roads, railway, urban centers, villages, archaeological sites, gas pipelines, oil pipelines and power lines respectively.
The terms "GWsw, RVsw, Esw, SLsw, SOsw, LUsw, AGsw, ROsw, RWsw, URsw, VIsw, ARsw, GSsw, Osw and Psw" are expressions for the weightings of sub-criteria for each of criterion which were mentioned above.
where: SILS: suitability index of landfill siting. The terms "GWw, RVw, Ew, SLw, SOw, LUw, AGw, ROw, RWw, URw, VIw, ARw, GSw, Ow and Pw" refer to the criteria weightings of groundwater depth, rivers, elevation, slope, soil types, land use, Agricultural land use, roads, railway, urban centers, villages, archaeological sites, gas pipelines, oil pipelines and power lines respectively.
Results and Discussion
The final output map of the suitability index for selection of candidate sites for landfill in AlHashimiyah Qadhaa was produced based on determining the weightings of the sub-criteria of each criterion. Then, the weightings of the fifteen criteria were calculated using the AHP method. The suitability index map was classified based on four categories ( Figure 6 ). These categories were "unsuitable", "moderately suitable," "suitable" and "most suitable." The area for each category and its proportion of the total study area was as follows: the "unsuitable" area was 40.97 km 2 (8.89%), the 
The final output map of the suitability index for selection of candidate sites for landfill in Al-Hashimiyah Qadhaa was produced based on determining the weightings of the sub-criteria of each criterion. Then, the weightings of the fifteen criteria were calculated using the AHP method. The suitability index map was classified based on four categories ( Figure 6 ). These categories were "unsuitable", "moderately suitable," "suitable" and "most suitable." The area for each category and its proportion of the total study area was as follows: the "unsuitable" area was 40.97 km 2 (8.89%), the "moderately suitable" area was 79.86 km 2 (17.33%), the "suitable" area was 153.20 km 2 (33.24%), and the "most suitable" area was 186.80 km 2 (40.54%).
Thirteen categories of important areas with some of their buffer zones were excluded from the process of selection of sites for a landfill to simplify the process of selecting candidate sites for landfill ( Figure 7) . The features of these areas were entered into GIS as separate shapefiles, and then they were merged into a single shapefile using the button of merge in "Editor" option within the GIS software or using the special extension tool map algebra syntax (Merge "grid, ..., grid"). These categories were omitted from the final map for landfill in order to simplify identifying candidate sites for landfill in the study area. This means just 16.64 % of the total present area is suitable for landfill siting. All excluded areas were given a score of zero.
Then, the excluded areas were extracted from the map of suitability index for landfill sites after merging in single shapefile (Figure 8) .
In Al-Hashimiyah Qadhaa, the expected solid waste quantity in 2030 is 100,155 tonnes based on an estimated population in 2030 in this Qadhaa of 445,566 inhabitants using the following equation according to [10] :
where, Qs is quantity of waste produced each year (tonne), P 0 is present population of the city for each year (starting from the year 2013), r is an annual growth rate of 2.99 %, t is number of years, GRW is present generation rate of solid waste (kg/capita/day) for the year 2013, RGI is rate of increment in waste generation per year equal to 0.01(kg/capita/day).
The expected cumulative quantity of solid waste for the years from 2020 to 2030 is 911,695 tonnes, according to calculations made by [10] , as follows:
Qs (c) = Qs (ct) + Qs (ct−1) where, Qs (c) : Cumulative quantity of solid waste for the specific year (tonne), Qs (ct) : Quantity of solid waste for the specific year (tonne), Qs (ct−1) : Cumulative quantity of solid waste for the last year before specific year (tonne). Thirteen categories of important areas with some of their buffer zones were excluded from the process of selection of sites for a landfill to simplify the process of selecting candidate sites for landfill ( Figure 7 ). The features of these areas were entered into GIS as separate shapefiles, and then they were merged into a single shapefile using the button of merge in "Editor" option within the GIS software or using the special extension tool map algebra syntax (Merge "grid, ..., grid"). These categories were omitted from the final map for landfill in order to simplify identifying candidate sites for landfill in the study area. This means just 16.64 % of the total present area is suitable for landfill siting. All excluded areas were given a score of zero. Thirteen categories of important areas with some of their buffer zones were excluded from the process of selection of sites for a landfill to simplify the process of selecting candidate sites for landfill ( Figure 7 ). The features of these areas were entered into GIS as separate shapefiles, and then they were merged into a single shapefile using the button of merge in "Editor" option within the GIS software or using the special extension tool map algebra syntax (Merge "grid, ..., grid"). These categories were omitted from the final map for landfill in order to simplify identifying candidate sites for landfill in the study area. This means just 16.64 % of the total present area is suitable for landfill siting. All excluded areas were given a score of zero. [31] . An average groundwater depth of 2 m in the candidate sites for landfill in the study area was adopted because the groundwater depths in Al-Hashimiyah Qadhaa are shallow. Therefore, the required area for candidate sites to accommodate the cumulative quantity of solid waste generated from 2020 to 2030 is 1.013 km 2 .
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where, Qs(c): Cumulative quantity of solid waste for the specific year (tonne), Qs(ct): Quantity of solid waste for the specific year (tonne), Qs(ct−1): Cumulative quantity of solid waste for the last year before specific year (tonne).
The expected volume of waste and the predictable volume of cumulative waste in 2030 are 222,567 m 3 and 2,025,989 m 3 respectively (Chabuk et al., 2015) . These figures resulted from dividing the solid waste quantity over the density of waste in this Qadhaa (450 kg/m 3 ) according to Iraqi Ministry of Municipalities and Public Works (2015) [31] . An average groundwater depth of 2 m in the candidate sites for landfill in the study area was adopted because the groundwater depths in AlHashimiyah Qadhaa are shallow. Therefore, the required area for candidate sites to accommodate the cumulative quantity of solid waste generated from 2020 to 2030 is 1.013 km 2 .
Among the many sites situated within the category of the "most suitable" index, two candidate sites that fulfill the requirements in Al-Hashimiyah Qadhaa were selected for landfills. These sites were assigned numbers (1 and 2). The area of site No.1 is 1.374 Km 2 (latitude 32°24'51" N, and longitude 44°54'41" E), whereas the area of site No.2 is 1.288 km 2 (latitude 32°15'54" N, and longitude Among the many sites situated within the category of the "most suitable" index, two candidate sites that fulfill the requirements in Al-Hashimiyah Qadhaa were selected for landfills. These sites were assigned numbers (1 and 2) (Figure 9 ). These sites were checked on the satellite images (2011) of the Babylon Governorate to make sure that these sites were suitable for landfill. 44°53'38" E) ( Figure 9 ). These sites were checked on the satellite images (2011) of the Babylon Governorate to make sure that these sites were suitable for landfill. 
Conclusions
Recently, the increase of the generated solid waste quantity in Al-Hashimiyah Qadhaa and the needing to select a site suitable for landfill that fulfill the scientific and environmental criteria made the local authorities pay great consideration to this issue. 
Recently, the increase of the generated solid waste quantity in Al-Hashimiyah Qadhaa and the needing to select a site suitable for landfill that fulfill the scientific and environmental criteria made the local authorities pay great consideration to this issue.
This study shows that the combination of GIS software and AHP using the multi-scientific and environmental criteria, which are followed in the developed countries, represents an effective and efficient methodology in the process of selecting suitable sites for landfill in Al-Hashimiyah Qadhaa. Fifteen layer maps were entered into the process of an overlaying analysis of potential areas with GIS to solve the problem of landfill siting in this Qadhaa, with GIS software having a high ability to manage a large volume of data from various sources. These layers were groundwater depth, rivers, elevation, slope, soil types, land use, agricultural land use, roads, railways, urban centers, villages, archaeological sites, gas pipelines, oil pipelines and power lines.
The criteria weightings were derived from the AHP method by constructing a matrix of sequences of pair-wise comparisons between criteria. The AHP method was used rather than the methods of multi criteria decision making because this method is based on theoretical foundation to check the consistency between the weights of criteria that are resulted from using AHP method.
In this study, to prepare the raster maps of selected criteria and produce the final map of landfill siting within the GIS software, many steps were performed using the special analysis tools. Each raster map for the selected criteria was divided into categories, and each category was given an appropriate weight. Then, using the special analysis tool in GIS "Map Algebra-Single Output Map Algebra", the final map of landfill siting was determined. For simplifying the process of selecting candidate sites for landfill, unsuitable areas for sites for landfill with some of their buffer zones were excluded.
For landfill siting in Al-Hashimiyah Qadhaa, two candidate locations were selected. In order to ensure that these sites were appropriate for landfill, the 2011 satellite image of the Babylon Governorate was used. The area of site No.1 was 1.374 Km 2 , whereas the area of site No.2 was 1.288 Km 2 . Therefore, the selected sites are adequate to accommodate the quantity of solid waste from 2020-2030 in Al-Hashimiyah Qadhaa.
The future work is using other models of multi-criteria decision making with GIS to select a suitable site for landfill. Using comparison methods between the raster final maps which will result from various models of Multi-Criteria Decision Making (MCDM). Using open source GIS software and (MCDM) methods to select the candidate site for landfills. Selection a suitable design for the chosen sites to prevent the groundwater pollution by leachate from these sites because the groundwater depth in Al-Hashimiyah Qadhaa is shallow.
